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Abstract 



Results of three searches are presented for the production of supersymmetric particles decaying into final states with 
missing transverse momentum and exactly two isolated leptons, e or ii. The analysis uses a data sample collected 
during the first half of 2011 that corresponds to a total integrated luminosity of 1 fb~^ of ^/s = 7 TeV proton-proton 
collisions recorded with the ATLAS detector at the Large Hadron Collider. Opposite-sign and same-sign dilepton events 
are separately studied, with no deviations from the Standard Model expectation observed. Additionally, in opposite- 

^vq sign events, a search is made for an excess of same-flavour over different-flavour lepton pairs. Effective production 
cross sections in excess of 9.9 fb for opposite-sign events containing supersymmetric particles with missing transverse 
d momentum greater than 250 GeV are excluded at 95% CL. For same-sign events containing supersymmetric particles 

^1 with missing transverse momentum greater than 100 GeV, effective production cross sections in excess of 14.8 fb are 
excluded at 95% CL. The latter limit is interpreted in a simplified electroweak gaugino production model excluding 

" chargino masses up to 200 GeV, under the assumption that slepton decay is dominant. 
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Many extensions to the Standard Model (SM) predict 
the existence of new states that decay to invisible par- 
ticles. New coloured particles, such as the squarks {q) 
and gluinos (g) of supersymmetric (SUSY) theories [T], are 
among those predicted. These new particles could be ac- 
cessible at the Large Hadron Collider (LHC). In R-parity 
conserving [5] SUSY models, the lightest supersymmetric 
particle (LSP) is stable and weakly interacting, and SUSY 
particles are pair-produced. The LSP escapes detection, 
giving rise to events with significant missing transverse mo- 
mentum (E^^^^). The dominant SUSY production chan- 
nels at the LHC are: squark-(anti)squark, squark-gluino 
and gluino pair production. The squarks and gluinos are 
expected to decay into quarks and the SUSY partners of 
the gauge and Higgs bosons, charginos, , and neutrali- 
nos, x^. Weak gauginos and sleptons may also be pair- 
produced, albeit with smaller cross sections, and dilepton 
searches are potentially very sensitive to direct electroweak 
gaugino production: X1X2, xtxi, xfxf and X2X2- 

SUSY events can produce charged leptons with high 
transverse momentum (px) through the decays of neutrali- 
nos and charginos. The main processes are: (a) Xi ~^ 

(c) x° ^ I^PX°, and (d) xf ^ 
^ or r lepton (only e and /i are 



l^i^xf, (b) xf ^ l^i^x" 



Xj 5 



where I is an 



considered in this paper). These decays can be direct, or 
proceed via an intermediate slepton. 

In each SUSY event there arc two independent cascade 
decays. Two leptons are produced in events in which two 
gauginos decay via cascade a) or b), or events in which 



one gaugino decays via cascade c) or d). In the former 
case, the events may contain same sign leptons and the 
lepton flavour may differ. In the latter case, the leptons 
will have the same flavour, and searching for an excess 
of opposite-sign same-flavour dilepton events over differ- 
ent flavour events offers one of the best routes to the 
model-independent measurement of SUSY particle masses 
via end-points in the dilepton invariant mass distribution 

Previous results of SUSY searches at the LHC for final 
states with two leptons, electrons or muons, can be found 
in Refs. [6 9 . This letter presents updated results using 
data recorded during 2011 from each of the three ATLAS 
searches for SUSY in events with exactly two leptons and 
significant missing transverse momentum. The two inclu- 
sive searches for opposite- and same-sign lepton pairs and 
the search for an excess of events with same-flavour lep- 
ton pairs proceed similarly to those reported in Refs [6] 
and [7], with minor modifications. The latter is termed 
a "flavour subtraction" analysis, and considers the sub- 
traction of different-flavour dilepton events from those of 
same- flavour. In the 2011 analyses, the rejection criteria 
for cosmic ray muons are stricter and the method for esti- 
mating their contamination to the signal regions is modi- 
fied. Lepton kinematic selection criteria are also adjusted 
to match the single lepton triggers used in 2011. The ex- 
perimental environment differs significantly from that of 
2010 due to the higher rate of multiple proton-proton col- 
lisions per bunch-crossing (pile-up) produced by the LHC. 

In 2010, the dilepton analyses set limits in high-iJ™"^'' 
signal regions, E^^^^ > 100(150) GeV for opposite-sign 
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(same-sign) analyses. In this 2011 analysis, a wider va- 
riety of signal regions is considered, placing requirements 
on E^^^^, but also on the number of high-px jets (see Ta- 
ble [T]). Additionally, exclusion limits are set in a simplified 
model of electroweak gaugino production (in these simpli- 
fied models the LSP is bino-like and the effect of a Hig- 
gsino admixture in the chargino and neutralino states not 
considered). Previous limits on electroweak gaugino pro- 
duction can be found in Refs. . These limits are not 
directly comparable to those in this paper because of the 
assumptions made for the simplified models considered. 

2. The ATLAS Detector 

The ATLAS detector [10] is a multi-purpose particle 
physics apparatus with a forward-backward symmetric 
cylindrical geometry and nearly An coverage in solid an- 
glej^ It contains four superconducting magnet systems, 
which comprise a thin solenoid surrounding the inner 
tracking detector (ID) , and barrel and endcap toroids sup- 
porting a muon spectrometer. The ID consists of a silicon 
pixel detector, a silicon microstrip detector (SCT), and a 
transition radiation tracker (TRT). The muon spectrome- 
ter surrounds the calorimeters and consists of a system 
of precision tracking chambers (I77I < 2.7), and detec- 
tors for triggering (|?7| < 2.4). In the pseudorapidity re- 
gion I77I < 3.2, high-granularity liquid-argon (LAr) electro- 
magnetic (EM) sampling calorimeters are used. An iron- 
scintillator tile calorimeter provides coverage for hadron 
detection over \ri\ < 1.7. The end-cap and forward re- 
gions, spanning 1.5 < \ri\ < 4.9, are instrumented with 
LAr calorimetry for both EM and hadronic measurements. 

3. Trigger and Data Sample 

The data used in this analysis were recorded between 
March and June 2011, with the LHC operating at a centre- 
of-mass energy of 7 TeV. Application of beam, detector 
and data-quality requirements gives a total integrated lu- 
minosity of 1.04 fb^^, with an estimated uncertainty of 
3.7% [II]. 

Events must pass either a single electron or a single 
muon trigger. The px thresholds of these triggers are 
20 GeV and 18 GeV respectively. These triggers reach 
full efficiency for electrons with px > 25 GeV and muons 
with pt > 20 GeV, with typical efficiencies for leptons se- 
lected for offline analysis of 96% for electrons, and of 75% 
and 88% for muons in the barrel (|?7| < 1.05) and end-cap 
(1.05 < |?7| < 2.4) regions, respectively. 



^ ATLAS uses a right-handed coordinate system with its origin 
at the nominal interaction point in the centre of the detector and 
the 2-axis along the beam pipe. Cylindrical coordinates (r, ip) are 
used in the transverse plane, 4> being the azimuthal angle around the 
beam pipe. The pseudorapidity rj is defined in terms of the polar 
angle 8 hy rj = — lntan(0/2). 



4. Monte Carlo 

Monte Carlo (MC) simulated event samples are used to 
develop and validate the analysis procedure and to help 
evaluate the SM backgrounds in the various signal re- 
gions. Production of top quark pairs is simulated with 
MCSNLO [12, using a top quark mass of 172.5 GeV and 
the next-to-leading order (NLO) parton distribution func- 
tions (PDF) CTEQ6.6 [T^, which are used with all NLO 
MC codes in this analysis. Samples of W production 
and Z/7* production, with accompanying jets, are pro- 
duced with ALPGEN [ni(5 Diboson {WW, WZ, ZZ) pro- 
duction is simulated with HERWIG |T5], W+W+jj pro- 
duction with MadGraph [16] and single top production 
with MCSNLO. Fragmentation and hadronisation for the 
ALPGEN and MCONLO samples are performed with HERWIG, 
using JIMMY [ITj for the underlying event. ALPGEN and 
POWHEG [iHj samples are used to assess the systematic un- 
certainties associated with the choice of generator for ti 
production, and AcerMC [11] samples are used to assess the 
uncertainties associated with initial and final state radia- 
tion (ISR/FSR). The simplified electroweak gaugino pro- 
duction models are simulated using HERWIG++ [20], with 
cross sections calculated at NLO using PRDSPIND f2P. 
Samples of QCD jet events are generated with PYTHIA us- 
ing the MRST2007L0* modified leading-order PDF [^ . 
which are used with all leading-order MC codes in this 
analysis. The QCD jet MC is only used for cross-checks of 
components of the data-driven background estimation. 

The MC samples are produced using the ATLAS MClOb 
parameter tune [33] and a GEANT4 [21] based detector sim- 
ulation [2S]. MC samples are reweighted so that the num- 
ber of interactions per bunch crossing agrees with that in 
data. 

5. Object Reconstruction 

Electrons are reconstructed from clusters in the electro- 
magnetic calorimeter matched to a track in the ID. Elec- 
trons are required to pass the "medium" [2B] electron def- 
inition (selection criteria based mainly on lateral shower 
shape requirements in the calorimeter) and have px > 
20 GeV and |?7| < 2.47. Electrons within 0.2 < Ai? < 0.4 
of any jet are discarded, where Ai? = ^/{Ar]y^'+JA(j)p . 
When the jet-electron distance is below 0.2, the jet is re- 
moved. For electrons in the signal region, the quality cri- 
terion is raised to "tight" by placing additional require- 
ments on the ratio of calorimetric energy to track mo- 
mentum, and the number of high-threshold hits in the 
TRT. Furthermore, the electrons are required to be iso- 
lated: the Px sum of tracks above 1 GeV within a cone of 
size AR < 0.2 around each electron candidate (excluding 



^The MC samples for Z/7*-|-jets are divided into two invariant 
mass windows. The first cover 10 < mj; < 40 GeV and are referred 
to in this paper as "Drell-Yan" events. The second cover the region 
™ii > 40 GeV and are referred to as Z+jets 
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the electron candidates themselves) is required to be less 
than 10% of the electron's pt- If the electron is the high- 
est pt lepton in the pair, the px requirement is raised to 
25 GeV. 

Muons are reconstructed using either a full muon spec- 
trometer track matched to an ID track, or a muon spec- 
trometer track segment matched to an extrapolated ID 
track. Muons are required to havepx > 10 GeV, \r]\ < 2.4, 
and to be well reconstructed, with sufficient hits in the 
pixel, SCT, and TRT detectors. Muon tracks recon- 
structed independently in both the ID and muon spectrom- 
eter are required to have a good match and a compatible 
momentum measurement in both detectors. Muons within 
AR < 0.4 of any jet are discarded. In order to reject 
muons resulting from cosmic rays, tight cuts are applied to 
the origin of the muon relative to the primary vertex (PV) : 
muon tracks are required to have a longitudinal impact pa- 
rameter l^ol < 1 mm and a transverse impact parameter 
I do I < 0.2 mm. Muons in the signal region must be iso- 
lated: the Pt sum of tracks within a cone of size AR < 0.2 
around the muon candidate (excluding the muon candi- 
date itself) is required to be less than 1.8 GeV. If a muon 
in a signal region is the highest p^ lepton in the pair, the 
Pt requirement is raised to 20 GeV. 

Jets are reconstructed using the anti-fct jet clustering 
algorithm [27] with a distance parameter of 0.4. The 
inputs to the jet algorithm are clusters formed from en- 
ergy deposits in the calorimeter. Jets are required to have 
Pt > 20 GeV and \ri\ < 2.8. Events with any jet that fails 
quality criteria designed to remove noise and non-collision 
backgrounds 2S^ are rejected. 

The missing transverse momentum (E^^^^) in this anal- 
ysis is the magnitude of the vector sum of the pt of recon- 
structed objects in the event. The objects considered are 
jets with Pt > 20 GeV, signal leptons, any additional non- 
isolated muons (for example from semi-leptonic decays of 
hadrons in jets) and calorimeter clusters with \ri\ < 4.5 
which are not associated to any of the aforementioned ob- 
jects. 

6. Event Selection 

The primary vertex (the vertex with the highest 
summed track p^) in each event is required to have at 
least five associated tracks. Due to readout problems in 
the LAr calorimeter for a subset of the data, events in data 
and MC containing a jet with pT > 20 GeV or an identified 
electron with —0.1 < rj < 1.5 and —0.9 < cj) < —0.5 are re- 
jected (resulting in a loss of less than 2% of the data). Each 
selected event must contain exactly two reconstructed lep- 
tons, e or /i, satisfying the conditions described in Sec- 
tion [5j Events containing exactly two electrons (muons) 
must satisfy the electron (muon) trigger. For events con- 
taining exactly one electron and one muon: those with 
an electron with pt > 25 GeV must satisfy the electron 
trigger, while events with no such electron must have a 
muon with pT > 20 GeV and satisfy the muon trigger. 



Events containing an electron with pt > 25 GeV which 
do not satisfy the electron trigger are recovered using the 
muon trigger provided the pT of the muon is greater than 
20 GeV. 

Additionally, both leptons in each pair must satisfy the 
signal region requirements. To remove low-mass dilep- 
ton resonances, the invariant mass (m;;) of the lepton-pair 
must be greater than 12 GeV. The selected events are then 
classified as opposite-sign or same-sign, depending on the 
respective charges of each lepton in the pair. 

The various signal regions defined for the opposite-sign 
(OS-x), same-sign (SS-x) and flavour-subtraction (FS-x) 
analyses are given in Table[T] The opposite-sign and same- 
sign signal regions are designed to provide sensitivity to R- 
parity conserving SUSY models with high-i?™"''' (OS-inc 
and SS-inc) and electroweak gaugino production (SS-inc). 
Signal regions that introduce requirements on the multi- 
plicity and Pt of jets in the events (0S-3j, 0S-4j and SS- 
2j) exploit the expected presence of jets in cascade decays 
from coloured SUSY particle production. The three latter 
regions are optimised by considering their potential reach 
in the parameter space of mSUGRA/CMSSM Jj modelsj^ 
For the flavour-subtraction analysis, the signal regions aim 
to fully exploit the natural cancellation of tt and other 
flavour-symmetric background events and to have a mini- 
mum contamination from Z/7*-|-jets and diboson events. 
The contamination from flavour-asymmetric background 
is reduced with either a veto on events with mu near the 
mass of the Z boson (FS-no Z), requirements on jet mul- 
tiphcity and pT (FS-2j) or very high-£:f''"'' (FS-inc). 

7. Background Evaluation 

The background from cosmic rays must be evaluated in 
all signal regions. Muons from hard scattering processes 
typically have very low values of |zo| and |do| since they 
originate from the PV of the event. The distributions of 
both \zo\ and \do\ for cosmic rays are broad. In the fifi 
channels the expected numbers of cosmic ray events in each 
signal region are evaluated using the \zo\ distribution of 
muons in dimuon events for which the \zo\ and |do| require- 
ments have been relaxed. The region 1 < |2;o| < 100 mm 
is populated with cosmic rays. Due to the fall off of the 
tracking efficiency at large zq, this region can be well de- 
scribed by a Gaussian fit. This fit can be used to evaluate 
the number of cosmic rays in the region |zo| < 1 mm, given 
the estimated number in the region 1 < \zo\ < 100 mm af- 
ter the application of the signal region selection cuts. This 
procedure yields contributions from cosmic rays of < 10^'^ 
events in each signal region. The coincidence of a single 
reconstructed collision electron and a single reconstructed 



These models have varying universal scalar and gaugino mass 
parameters mo and mi/2y but fixed values of the universal trilinear 
coupling parameter Aq = GeV, ratio of the vacuum expectation 
values of the two Higgs doublets tan /3 = 10, and Higgs mixing pa- 
rameter, n > 0. 
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Table 1: Criteria defining each of the three signal regions for the opposite-sign (OS-x) analysis, each of the two signal regions for the 
same-sign analysis (SS-x) and each of the three regions for the flavour-subtraction (FS-x) analysis. Regions OS-inc and FS-inc are identical. 



cosmic ray muon is much less likely than the probability 
of reconstructing a cosmic ray event as two reconstructed 
muons in coincidence with a collision event. This sets a 
conservative estimate of the contribution in the efj, chan- 
nels of < 10^"^ events. 

The SM backgrounds to each search are evaluated us- 
ing a combination of MC simulation and data-driven tech- 
niques. Contributions from single top and diboson events 
are evaluated using the MC samples described in Sec- 
tion |4j scaled to the luminosity of the data sample. The 
former must be evaluated only in OS-x and FS-x signal 
regions, while the latter must be evaluated in all signal re- 
gions. Contributions from Z/7*-|-jets and tt events (which 
must be estimated in OS-x and FS-x signal regions, but 
not SS-x regions) are evaluated using MC samples nor- 
malised to data in appropriate control regions (CR). SM 
processes generating events containing at least one fake 
or non-isolated lepton are collectively referred to as "fake 
lepton" background, generally consisting of semi-leptonic 
ti, single top, VF-l-jets and QCD light and heavy-flavour 
jet production. The fake lepton background is obtained 
using a purely data-driven technique for all signal regions. 
The background from charge misidentification (from elec- 
trons in events which have undergone hard bremsstrahlung 
with subsequent photon conversion) is important in the 
same-sign signal region and is estimated using a partially 
data-driven technique. 

The following paragraphs first describe the evaluation 
of the backgrounds which contribute only to the opposite- 
sign (and flavour-subtraction) signal regions. The fake lep- 
ton background for all signal regions is then described. 
Lastly, details are given of how the background from 
charge misidentiflcation is estimated for each same-sign 
signal region. 

The fully leptonic tt background in the signal regions 
is obtained by extrapolating from the number of tt events 
in a suitable control region, after correcting for contam- 
ination from non-tt events, into the signal regions using 
the ratio of the number of MC tt events in the signal re- 
gion to those in the control region. The numbers of tt 
events in a given control region are determined using a 
"top-tagging" algorithm. The top-tagging requirement is 
imposed through the use of the variable mcT This 



observable can be calculated from the four-vectors of the 
selected jets and leptons: 

TOct(i'i, W2) = [Et{vi) + EtM^ 

- [Pt(wi) - PT(W2)]^ (1) 

where Vi can be a lepton (/), a jet (j), or a lepton-jet 
combination (jl), transverse momentum vectors are de- 
fined by Pt and transverse energies are defined as 
i?T = VPt quantities mcT{j,j), n^CTil,l) and 

mcT{jl, jl) are bounded from above by analytical func- 
tions of the top quark and W boson masses. A top-tagged 
event must have at least two jets with pT > 20 GeV, 
and the scalar sum of the p^ of at least one combina- 
tion of two jets and the two leptons in the event must 
exceed 100 GeV. Furthermore, top-tagged events are re- 
quired to possess TOcT values calculated from combina- 
tions of jets and leptons consistent with the expected 
bounds from tt events as described in Ref. |30j (mcTijj) in 
the allowed area of the mQ^ij jYvrij j) plane, mcT(^i, '2) 
in the allowed area of the mcT(^i, '2)-Pt(^0 plane and 
'mcT{jl, jl) compatible with tt) as well as lepton-jet in- 
variant mass values consistent with top quark decays 
(mijih) < 155 GeV and mijih) < 155 GeV). The con- 
tributions in each opposite-sign signal region are obtained 
using three separate control regions (one for each signal 
region). All three control regions (for OS/FS-inc, 0S-3j 
and 0S-4j) require, in addition to the top-tagged lepton 
pairs, 60 < E!^'''^ < 100 GeV, except in the e=^e^ and 
Ai±^=F channels of OS-inc, where 80 < Ef''''' < 100 GeV is 
required. In the first (a control region for OS/FS-inc), no 
requirement is placed on the jets, while in the second (for 
0S-3j) and third (for 0S-4j), three jets and four jets with 
Pt > 40 GeV are required respectively. In these control 
regions the numbers of observed events (1010, 238 and 52 
in control regions one through to three, respectively) are 
in good agreement (better than 1 a) given statistical and 
systematic uncertainties with the expected rates from tt 
and non-tt SM processes, resulting in ratios of data to MC 
in the control regions compatible with one. The contami- 
nation from non-tt events lies between 15 and 20%. In the 
first two signal regions for the flavour subtraction analysis 
(FS-no Z and FS-2j), the contribution from fully- leptonic 
tt is taken from MC. 
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Similarly, the contribution from Z/7*+jets events in the 
signal regions is estimated by extrapolating the number 
of Z/7*+jets events observed in a control region into the 
signal region using ratios derived from MC. All Z/7* con- 
trol regions contain lepton-pair events satisfying the same 
selection criteria as the signal region but with E!^^^^ < 
20 GeV and an additional 81 < m« < 101 GeV re- 
quirement. Three distinct control regions are necessary for 
the three different opposite-sign signal regions: the first (a 
control region for OS/FS-inc) places no requirements on 
the number of jets in the event, while the second and third 
(for 0S-3j and 0S-4j respectively) require jets with px a-s 
described in Table [T] Similarly, in the control regions for 
the flavour-subtraction signal regions (FS-no Z and FS-2j), 
the corresponding jet requirements in Table [l] are used. In 
these control regions the numbers of observed events are 
in good agreement with the expectation from MC, given 
the systematic and statistical uncertainties on the MC ex- 
pectation. The predicted numbers of Z/7*-t-jets events in 
each signal region are compatible with the MC expectation 
(within 1 (t). 

The probabilities of fake leptons being reconstructed as 
prompt, isolated leptons are evaluated from suitable con- 
trol regions. Putative fake leptons are identified as those 
satisfying a loose set of identification requirements, and 
the fraction of these that pass the tight identification re- 
quirements used for signal leptons is measured. For muons, 
the looser identification requirements are identical to those 
of the signal muons, except the isolation requirement is 
dropped. Looser electrons must be both "medium" as 
defined in Ref. [SB] and not isolated, but are otherwise 
identical to the signal electrons. The probability of iden- 
tifying a heavy-flavour decay, light-jet or photon conver- 
sion as a prompt electron is evaluated from events with a 
single electron satisfying the relaxed identification require- 
ments, E^^^^ < 30 GeV, at least one jet and Acj) between 
the lepton and £'^'^^ directions less than 0.5 (reducing W 
backgrounds). The corresponding control region for es- 
timating the prompt muon misidentification probability 
also requires E^'^^ < 30 GeV and selects events with two 
same-sign muons satisfying the relaxed identification re- 
quirements. The contamination from processes producing 
prompt, isolated leptons has been studied in MC simu- 
lations and is small. With this "lepton" definition, both 
control regions and signal regions have a similar composi- 
tion and are dominated by heavy-flavour decays, light -jets, 
and photon conversions. In each signal region (OS-x, SS-x 
and FS-x) the observed numbers of events in data with two 
loose leptons, two tight leptons, or one of each are counted. 
Systems of linear equations are then constructed for each 
signal region relating the observed numbers of events with 
two fake leptons, two real leptons, or one of each to the 
observed event counts, using the measured probabilities of 
misidentification for fakes and efficiencies for identification 
of real leptons. The latter are obtained for electrons and 
muons separately from events with a single same-flavour 
opposite-sign lepton pair with mu within 5 GeV of the Z 



mass. Simultaneous solution of these equations in each 
signal region yields the expected number of events in each 
which contain fake leptons. This method is the "matrix- 
method" described in Ref. [3L. 

The contribution from charge misidentification in each 
SS-x region is studied using Z e+e~ MC events. The 
probability of charge misidentification is ascertained by 
comparing the charges of generator level electrons to those 
of reconstructed electron candidates following the applica- 
tion of the same-sign signal region cuts. The misidentifica- 
tion probability is calculated as a function of electron ra- 
pidity and transverse momentum and applied to tt — ^ e^P 
{I — e, fj,) MC events to evaluate, in each signal region, the 
number of same-sign events from incorrect charge assign- 
ment. The charge misidentification probabilities in the 
Z — > e+e^ and tt MC samples are consistent. A single 
scaling factor is used to correct for discrepancies between 
the charge misidentification rates in data and simulation. 
The pt distributions in data and MC are in good agree- 
ment. The probability of misidentifying the charge of a 
muon and the contributions from charge misidentification 
of Z/7*-fjets and other SM backgrounds are negligible. 

Fully-leptonic tt production is the dominant SM back- 
ground in the search for opposite-sign dileptons, making 
up at least 50% of the total SM event yield. Smaller 
contributions arise from Z/^* +]ets, diboson and single- 
top production, and events containing at least one fake 
or non-prompt lepton. In all but the highest jet multi- 
phcity opposite-sign signal regions, Z/7*-|-jets events are 
the next most significant contribution. After flavour sub- 
traction, flavour-symmetric backgrounds like ti naturally 
cancel. Events with a fake lepton dominate the same-sign 
signal samples. Other significant backgrounds come from 
diboson production and charge mismeasurements. The 
estimate of the diboson background includes the process 
W'^W'^jj, but neglects ttW which has been found to be 
insignificant. The relative size of each SM background 
component in each signal region is illustrated in Fig. [l] 

8. Systematic Uncertainties 

The primary sources of systematic uncertainty on the 
background event estimations are: the jet energy scale 
(JES), the jet energy resolution (JER) and theory and 
MC modelling. Uncertainties in lepton reconstruction and 
identification (momentum and energy scales, resolutions 
and efficiencies) give smaller contributions. The JES and 
JER uncertainties are jet pt and 77 dependent. They are 
measured using the complete 2010 dataset using the tech- 
niques described in Ref. [35], with an additional contribu- 
tion (7%) added to the JES uncertainty to account for the 
effect of higher pile-up in the 2011. Theoretical and MC 
modelling uncertainties are determined by using different 
generators and varying the amount of ISR/FSR (for tt), as 
described in Section |4j Additional uncertainties arise from 
limited MC statistics. An uncertainty on the luminosity 
of 3.7% is included [TT]- 
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Figure 1: The E™'^'^ distributions of same-sign dilepton events before any jet requirement (a), and after requiring two high-px jets (b) and 
the E^^'"^ distributions of all opposite-sign dilepton events before any jet requirement (c), after requiring 3 high-px jets (d) and after the 4 
jet requirement (e). Errors on data points are statistical, while the error band on the SM background represents the total uncertainty. The 
lower inserts show the ratio between the data and the SM expectation. The component labelled "Fake leptons" is evaluated using data as 
described in the text. The remaining background contributions are from MC, normalised to their respective cross sections and the luminosity 
of the data sample. 

6 



The main systematic uncertainties on the tt background 
in each OS-x region are summarised in Table |2] The 
largest uncertainties (generator and ISR/FSR) affect only 
the scale factor relating the number of MC tt events in 
the control region to the signal region. Since ti domi- 
nates the event yields in these regions, these uncertainties 
make up most of the total systematic uncertainty on the 
estimated opposite-sign background. For the evaluation 
of the (smaller) contributions from Z/j*+iets events, a 
large statistical uncertainty on the MC predictions in the 
control regions dominates the error. The uncertainties on 
the single top (in OS-x and FS-x) and diboson (in OS-x, 
SS-x and FS-x) backgrounds are dominated by the JES 
and JER contributions. The uncertainties on the yields 
in all signal regions from events containing fake leptons 
are dominated by the knowledge of the mis-identification 
probabilities. This uncertainty makes up most of the total 
uncertainty on the background yields in SS-x. 



Signal Region 


OS-inc 


0S-3j 


0S-4j 


MC & CR statistics 


7% 


10% 


21% 


JES 


11% 


6% 


6% 


JER 


1% 


11% 


15% 


Generator 


16% 


13% 


58% 


ISR/FSR 


20% 


16% 


26% 


Total 


27% 


25% 


68% 



Table 2: A summary of the dominant systematic uncertainties on the 
estimates of the fuUy-leptonic tt event yields in each opposite-sign 
signal region. The uncertainties are different in each signal region, 
because each has a different control region. 

Systematic uncertainties on the signal expectations are 
evaluated through variations of the factorisation and 
renormalisation scales in PRDSPIND between half and twice 
their default values, and by including the uncertainty on 
Us and on the PDF provided by CTEQ6. Uncertainties are 
calculated for individual SUSY processes. In the relevant 
regions of the illustrated mass plane the resulting uncer- 
tainties on the signal cross sections are typically 4-8%. 
Further uncertainties on the numbers of predicted signal 
events arise from the JES uncertainty (1-18%), luminos- 
ity (3.7%) and finite statistics of the signal Monte Carlo 
samples. 

9. Results and Interpretation 

9.1. Opposite and Same-sign Inclusive 

The expected and observed numbers of opposite-sign 
and same-sign lepton-pair events in each signal region are 
compared in Table |3] to the background expectation. Good 
agreement is observed. These results are used to set limits 
on the effective production cross section, the product of 
the cross section for new phenomena, the kinematic and 
geometrical acceptance and reconstruction and event selec- 
tion efficiencies. Limits are set using the CL^ prescription, 
as described in Ref. |33) , and setting the upper limit on 



the effective production cross section as the limit on the 
number of observed signal events divided by the integrated 
luminosity. The results are given in Table |3] in each signal 
region. 





Background 


Obs. 


95% CL 


OS-inc 


15.5 ± 4.0 


13 


9.9 fb 


0S-3j 


13.0 ± 4.0 


17 


14.4 fb 


0S-4j 


5.7 ± 3.6 


2 


6.4 fb 


SS-inc 


32.6 ± 7.9 


25 


14.8 fb 


SS-2j 


24.9 ± 5.9 


28 


17.7 fb 



Table 3: Predicted number of background events, observed number 
of events and the corresponding 95% CL upper limit on Axe X a, 
calculated using the CLa technique, for each opposite-sign and same- 
sign signal region. 

The signal region SS-inc is particularly sensitive to low 
mass electroweak gaugino production and the cascade de- 
cays into leptons, so only this region is used to set upper 
limits on the cross section for Xi^X2 P^i^ production. The 
cross section upper limits on xfx2 P^i'" production, in the 
simplified direct electroweak gaugino production models 
detailed in Ref. [31] (Section V, I), are illustrated in Fig. [2] 
as a function of the and LSP (x?) masses. In this fig- 
ure, the limits on the effective cross section (taking into 
account the uncertainties on the signal described in Sec- 
tion [8| are divided by the product of the acceptance and 
efficiency for each point individually to obtain a grid of 
limits on the cross section (multiplied by branching ratio). 
Also shown are the observed and expected limit contours. 
The results in Fig. [2] are for slepton masses between the 
LSP and second lightest neutralino masses and the hierar- 
chy nil = m^o + l{m^± - m^o) with m(xj ) = ^(x")- 

In these simplified models, the squarks are very heavy 
(permitting only direct xjx2 production), the masses of 
slepton of different flavours are assumed to be degener- 
ate and the branching ratios for both Xi^ — ^ l^v, ul^ and 
X2 — >• decays are set to one (with branching ratios 

for (xf — Iv) and (xi^ — > vl) equal to 50%). Further- 
more, the sleptons have equal contributions of II and Ir, 
including all slepton and sneutrino flavours. The branch- 
ing ratio for (/ 1x1) 100% and the branching ratio for 
{D — 7- I'Xi ) 100%. In this channel, leptons are produced 
in the cascades: xfx9. (zy/'±)(;±f=F) ^ (j,/±^0)(;±;t^O) 
and xjx^ ^ (Z±;>)(;±f=F) ^ (^±;,^0)(;±;t^0) (^j^j^ gq^^l 
branching ratios). The cross section for the line with 
m(xi) = m{x'^) = 200 GeV is 0.51 pb. Models in the 
low-mass region have acceptances of ~5-15% for Xi"Xf 
mass differences from 50 to 200 GeV, and efficiencies of 
~20%. If decays to sleptons are dominant, charginos with 
masses up to 200 GeV are excluded, under the assumptions 
of these simplified models. 

9.2. Flavour-subtraction Analysis 

In the flavour-subtraction analysis, limits are set on 
the excess in the number of opposite-sign same-flavour 
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Figure 2: 95% CL cross section upper limits (CLs) in pb and ob- 
served and expected limit contours for Xj^X2 production in direct 
gaugino simplified models. 



events (multiplied by detector acceptances and efficien- 
cies) in the appropriate signal regions. This is done us- 
ing pseudo-experiments. The opposite-sign same-flavour 
excess is quantified using the quantity S, defined as 




/3(l-(l-r,)2) 



/?iV(M±/iT) 



(1-(1- 



0^) 



(2) 



which measures the excess of opposite-sign same-flavour 
events (first two terms) over different-flavour events (third 
term), taking into account the ratio of electron to muon 
efficiency times acceptance (/?), and the electron and muon 
trigger efficiencies (re and t^), under the assumption that 
the trigger selection adopted for e*/i^ events is equivalent 
to a logical OR of the electron and muon triggers. This 
quantity, S is effectively the excess in the number of same- 
flavour events multiplied by detector acceptances and ef- 
ficiencies. The ratio of acceptances and efficiencies, /3, is 
determined from data to be 0.75±0.05, with the quoted 
error including both systematic and statistical uncertain- 
ties. The muon trigger efficiency, r^, averaged over the 
barrel and end-cap is taken to be (81. 6± 0.3)%. 

The numbers of events in each signal region give 
A^(e='=e'F), N{e^fi'f) and N{fi^^^) for each region. The 
invariant mass distributions of the dilepton events with 
high-i?^"'^'' are illustrated in Fig. [s] To quantify the consis- 
tency between the observed S value and the SM prediction 
the expected distribution of Sb in the absence of new phe- 
nomena is determined. This distribution possesses a mean 
given by S(, and a width dominated by statistical ffuctu- 
ations of the numbers of events observed in each channel. 
The distributions for Sb can be determined by generat- 
ing pseudo-experiments. For each pseudo-experiment the 
mean numbers of background events in each channel and 
from each source are sampled, taking appropriate account 
of correlations between the uncertainties in the values of 
these means. The resulting number of background events 



in each channel is then used to construct a Poisson distri- 
bution from which the observed number of events in that 
channel is drawn. The sampled event counts in each chan- 
nel are then used with Eq. [2] to determine a value of Sb, 
taking care also to sample values of Tg, and /? according 
to their means and uncertainties. The distribution of Sb 
obtained from these hypothetical signal-free experiments 
are characterised by a mean and an RMS, as detailed in 
Table m The non-zero Sb is due to the irreducible back- 
ground from Z/7*-|-jets and diboson events. The assump- 
tion that the trigger selection for different fiavour dilepton 
events is equivalent to a logical OR between the electron 
and muon triggers leads to a slight underestimate of the ef- 
fective excess of same-fiavour events in each region (great- 
est at 3.5% of Sobs in FS-inc, negligible in comparison to 
the RMS which drives the limit). 





Sobs 


Sb 


RMS 


FS-no Z 


131.6±2.5(sys) 


118.7±27.0 


48.6 


FS-2j 


142.2±1.0(sys) 


67.1±28.6 


49.0 


FS-inc 


-3.06±0.04(sys) 


0.7±1.6 


4.5 



Table 4: The observed values of S in the data {Sobs)^ a-nd the mean 
and RMS of the distributions of the expected iS;, from one million 
hypothetical signal- free pseudo-experiments. 

The distribution of Sb values obtained in this way can 
be used to evaluate the probability of observing a value 
of S at least as large as Sobs ■ The width of the distribu- 
tion is dominated by Poisson fiuctuations in the number 
of events. The consistency between data and the SM ex- 
pectation in each signal region is summarised in Table [5] 
The agreement is better than 2cr in all cases. 





S > Sobs (%) 


Limit S, (95% CL) 


FS-no Z 


39 


94 


FS-2j 


6 


158 


FS-inc 


79 


4.5 



Table 5: Consistency of the observation with the SM expectation 
(middle column), computed as the percentage of signal-free pseudo- 
experiments giving values of S greater than the observation, iSobs- 
Observed limit (right column) on the numbers of same-flavour events 
from new phenomena multiplied by detector acceptances and efficien- 
cies in each signal region. 

Limits are also set on Ss, the mean contribution to S 
from new phenomena. The statistical procedure employed 
follows that used to determine the consistency of the ob- 
served value of S with the background expectation. The 
pseudo-experiments are modified by adding signal event 
contributions to the input mean numbers of background 
events in each channel. An assumption must be made re- 
garding the relative branching ratio of new processes into 
same-flavour and different flavour final states, as adding 
flavour uncorrelated contributions to the same-flavour and 
different-flavour channels increases the width of the S dis- 
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Figure 3: Distributions of the invariant mass in data together with the SM expectation for same-flavour (SF) dilepton events with i?™"^'' > 
80 GeV after a Z-veto requirement (FS-no Z) (a) and 2-jet requirement (FS-2j) (b). Also shown are the different-flavour (DF) distributions. 
Errors on data points are statistical, while the error bands on the SM predictions represent the total uncertainties. 



tribution. Given such an assumption, a limit can be set 
on Ss by comparing Sots with the distribution of S val- 
ues obtained from the new set of signal-plus-background 
pseudo-experiments. If the assumption is made that the 
branching fractions for e^e^ and fs^fS^ in new physics 
events are identical, and the branching fraction for e^fi^ 
final states is zero, then the limits tabulated in the right 
most column of Table [5] are obtained. The most stringent 
limits are set in FS-inc, which requires E™^^^ > 250 GeV. 

10. Summary 

This letter reports results of three searches for new 
phenomena in final states with opposite-sign and same- 
sign dileptons and missing transverse momentum. These 
searches also include signal regions that place requirements 
on the number and px of energetic jets in the events. 
There is good agreement for all signal regions between 
the numbers of observed events and the SM predictions. 
Model-independent limits are quoted on the cross section 
multiplied by acceptances and efficiencies for the inclusive 
analyses, and limits on the same-flavour excess multiplied 
by acceptances and efficiencies for the flavour-subtraction 
analysis, all of which improve on results obtained with 
the 2010 dataset. Cross sections in excess of 9.5 fb for 
opposite-sign events with missing transverse momentum 
greater than 250 GeV are excluded at 95% CL. In events 
with missing transverse energy greater than 250 GeV a 
limit is set on the number of same-flavour lepton pairs from 
new physics, multiplied by detector acceptance and effi- 
ciency, of 4.5. Cross sections in excess of 10.2 fb for same- 



sign events, with missing transverse momentum greater 
than 100 GeV, are excluded at 95% CL. Additionally, new 
limits have been presented on the chargino mass in di- 
rect electroweak gaugino production modes using simpli- 
fied models. Charginos with masses up to 200 GeV are 
excluded, under the assumptions of these models. 
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M. Barbero^o, D.Y. BardinS^ T. Barillari^^ M. Barisonzii^^, T. Barklow"^^ N. Barlow^^, B.M. Barnctti^s, 
R.M. Barnctt^"', A. BaronccUi^"^^'', G. Barone^^, A.J. Barr^^^, F. Barreiro*", J. Barrciro Guimaraes da Costa''^, 
P. Barrillon"^ R. Bartoldusi^^ A.E. Barton'^\ D. Bartsch^o, V. Bartschi'*^ R.L. Bates^^^ L. Batkova^'^''^, 
J.R. Batley27, A. Battaglia^^, M. Battistin^^, G. BattistoniS^'^, F. Bauer^^e, H.S. Bawa"^-/, B. Beaie^^^, T. Beau^^^ 
P.H. Beauchemin"^ R. BeccherleSO*^, P. Bechtle", H.P. Beck^^ M. Beckinghami^s, K.H. Becks^'''^, A.J. Beddall^^^ 

A. Beddalll8^ S. Bcdikiani^^ V.A. Bednyakovfi'\ CP. Bee*^^ M. Begel^^, S. Behar Harpaz^^^ P.K. Behera^^, 
M. BeiInforde9^ C. Belanger-Champagne^^^ P.J. Bell^^, W.H. Bell'*^ G. Bella^^^^ L. Bellagamba^^'^, F. Bellina^^, 
M. Bellomo29, A. Belloni57, 0. Beloborodovaio'', K. Belotskiy^^, O. Beltramello^^, S. Ben Ami^^^^ O. Benaryi^s, 

D. Benchekrouni35a^ C. Benchouk^^^ M. Bcndcl^\ N. Bcnckosi*^'\ Y. Benhammou^s^^ D p Benjamin^", M. Benoit"^ 
J.R. Bensinger^^, K. Benslama^^°, S. Bentvelsen^°^, D. Berge^^, E. Bergeaas Kuutmann^^, N. Berger'*, F. Berghaus^^^, 

E. Berglund^^, J. Beringer", K. Bernardet*^^ P. Bernat^^, R. Bernhard^^, C. Bernius^^, T. Berry^^^ A. BertiniS'^'i^b, 

F. BertincUi^s, F. Bcrtoluccii22a,i22b^ y^j Bes&neJ^^'''^^^ , N. Bessoni^^^ S. Bethke9^ W. Bhimji^s, R.M. Bianchi^^, 
M. Bianco^2a,72b^ q BiebeP, S.P. Bieniek^^ K. Bierwagen^^, J. Biesiada^^, M. Bigliettii34a,i34b^ jj Bilokon'^^ 
M. Bindi^^^'i^*', S. Binet"^, A. Binguli^^, C. Binii32a,i32b^ q Biscarat^^^, U. Bitenc^^ K.M. Black2i, R.E. Blair^, 
J.-B. Blanchard"^ G. Blanchot2", T. Blazekl'''*^ C. Blockcr22, J. Blocki^s, A. Blondel^^ W. Blum«\ 

U. Blumenschein^*, G.J. Bobbink^os, V.B. Bobrovnikovi°^ S.S. Bocchetta^^ A. Bocci^^, C.R. Boddy"^, M. Boehler^i, 
J. Boeki^4, N. Boelaert^s, S. Boser^^ J.A. Bogaerts29, A. Bogdanchikov^o^, A. Bogouch^O'*, C. Bohm^^^^, 
V. Boisvert■^^ T. Bold^'^, V. Boldea2''^^, N.M. Bolnct"6^ M. Bona^^ V.G. Bondarenko^^ M. Bondiolii*^^^ 
M. Boonekampi36^ q Boorman7^ C.N. Boothi^s, S. Bordoni^s^ C. Borer^^^ A. Borisov^28^ q Borissov^\ 

I. Borjanovic , S. Borroni^'^, K. Bos^°^, D. Boscherini^^^, M. Bosman", H. Boterenbrood^^^, D. Botterilli29^ 

J. Bouchami^^^ Boudreaui23^ g Y_ Bouhova-Thacker'^^ C. Bourdarios"^, N. Bousson^-\ A. Bovcia^o, J. Boyd29, 
I.R. Boyko6^ N.I. Bozhkoi28^ j Bozovic-Jelisavcic^2b^ j Braciniki^ A. Braem29, P. Branchmii34a^ 

G. W. Brandenburg^^, A. Brandt^, G. Brandt^^^ O. Brandt^*, U. Bratzler^^s^ b. Brau^^, J.E. Brau"^, H.M. Braun^^*, 

B. Brelier^^^ J. Bremer29, R. Brenneri^e^ S. Brcsslcri^2^ jy Brcton"'\ D. Britton^^, P.M. Brocliu2'^, I. Brock20, 
R. Brock^s, T.J. Brodbeck^^, E. Brodet^s^^ F. Broggi^^'^, C. Bromberg^^ G. Brooijmans^^, W.K. Brooks^i^, 

G. BrownS2^ jj Brown'^, P. A. Bruckman de Renstrom^^, D. Bruncko^**'', R. Bruneliere^*, S. Brunet^\ A. Bruni^^'*, 

G. Bruni^^^, M. Bruschii^^, T. Buancs^^ F. Bucci'*^ J. Bucha^a^"^ N.J. Buchanan2, P. Buchholzi"*!, 

R.M. Buckingham"^ A.G. Buckley-^^, S.I. Buda25'^, LA. Budagov6^ B. Budick^o^ V. Busclicr*^i, L. Bugge"^ 

D. Buira-Clark"^ O. Bulekov^^, M. Bunse^2^ ^ Buran"^ H. Burckhart29, S. Burdin^^^ T. Burgcssi^, S. Burkei29^ 

E. Busato33, P. Bussey'^^^ CP. BuszcUoi^^^ Butin29, B. Butler^''^^ j.m. Butlcr2i, CM. Buttar^'^ 
J.M. Butterworth^^ W. Buttinger27, S. Cabrera Urban^^^, D. Caforio^^'^'i^'', O. Cakir^'^, P. Calafiura^^, 
G. Calderini^s, P. Calfayan^^, R. Calkinsl°^ L.P. Caloba23% R. Caloii32a,i32b^ p, Calvet^^, S. Calvet^^, 

R. Camacho Toro^^, P. Camarrii-''3a.i33b^ M. Cambiaghi"^^'"^^, D. Cameron"^, S. Campana29, M. CampancUi^^, 
V. Canaleio2a,io2b^ ^ Canelli^o-s, A. Canepai^sa^ j. Cantero^o, L. Capassoi°2a,i02b^ M.D.M. Capeans Garrido29, 
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1. Caprini^sa, ^ Caprini^s^^ D. Capriotti^^, M. Capua^e^^'^eb^ ^ Caputo"^, R. Carclarcllii^Sa^ t. Carli^^, 

G. Carlinoi02a^ l. Carminati^^^'Sgb^ B Caroni^Sa^ S. Caron^s, G.D. Carrillo Montoya^^^ A.A. Carter^^^ J.R. Carter^^, 

J. Carvalhoi24a,'i^ D. Casadcil"^ M.R Casado", M. Cascellai22a,i22b^ q (-,j^gQ50a,50b.* ^ j^ y^^ Castaneda Hernandezi^^ 

E. Castaneda-Miranda^^^^ V. Castillo Gimcnczi^^, N.F. Castroi^*^^ Q. Cataldi^^a^ y. Cataneo^^, A. Catinaccio^^, 
J.R. Catmore^i, A. Cattai^^, G. Cattanii33a,i33b^ CaughronSS, D. Cauzi64a,i64c^ p_ Cavallcri^s^ D. Cavalli^^'*, 
M. Cavalli-Sforza", V. Cavasinnii22a,i22b^ p Ccradinii34a,i34b^ ^ g Ccrqucira^^^, A. Ccm^^, L. Ccrrito^s^ 

F. Cerutti'*^ S.A. Cetin^^^, F. Coveninii02a,i02b^ ^ Chafaqi^s^, D. Chakrabortyl°^ K. Chan^, B. Chapleau^s^ 
J.D. Chapman^^, J.W. ChapmanS^, E. Chareyre^^ D.G. Charlton^'', V. Chavda^^, C.A. Chavez Barajas^^, 

S. Cheatham^s, S. Chckanov^, S.V. Cliekulaevi59% G.A. Chclkov65, M.A. Cliclstowskai"*^ C. Chcn^^, H. Chen^^, 
S. Chen32<=, T. Chcn^^'=, X. Chcni^^ S. Cheng32a, ^ Clicplakov^s, V.F. Chcpurnov^s , R. Clicrkaoui El Mourslii^s^, 
V. Chemyatin24, E. Clieu^, S.L. Cheungi^s, L. Chcvalicri^^ G. Chiefarii°2a,i02b^ L_ Chikovani5i% j cijiidej-s'"^^^, 
A. Chilingarov^i, G. Cliiodini^^a^ y ciiizliov'^-\ G. Clioudalakis^o, S. Chouridoui^^^ LA. Christidi^^ A. Christov^^, 
D. Chronick-Burckhart29, M.L. Clm^'^\ J. Chudobai^s, G. Ciapcttii32a,i32b^ Ciba^^, A.K. Ciftcr''^, R. Ciftci^'^, 
D. Cinca^s, V. Cindro^"^ j^pp,^ Ciobotami^s^ C. Cioccai^^, A. Ciocio", M. CiriUi^^ M. Ciubancan^-^'^, A. Clark^^, 
P.J. Clark^s, W. Clclandi23, j.C. Clcmcns«-\ B. Clcmcnt5'\ C. Clement "6a,i46b^ Cliffti^^, Y. Coadou*^^ 

M. Cobali64a,i64c^ ^ Coccaro^o^^so'', J. Cochran^^, R Coe"^ J.G. Cogani43^ j. Coggcslialli*^'^ E. Cogneras^^^ 
CD. Cojocani28, J. Colas^, A.P. Colijnio^^ C. Collard"^, N.J. Collinsi^ C. CoUins-Tooth^^^ J. Collot5^ G. Colon^^, 
P. Conde Muifioi24a^ e. Coniavitis"*, M.C. Conidi4\ M. Consonnii04^ y. Consorti48, S. Constantinescu^^a, 
C. Conta"9'^'"9'^, F. Conventiio^a,^^ Cook^^, M. Cooke", B.D. Cooper^^, A.M. Cooper-Sarkarii^, 
N.J. Cooper-Smith^^ K. Copic'^4^ rp Cornelisseiii^4^ jyj^ Corradi^^^, F. Corriveau^S-J, A. Cortes-Gonzalczi^s, 

G. Cortiana"9, G. Costa«°'\ M.J. Costaif'^. D. Costanzo^-''^ T. Costiir^", D. Cote^", L. Courncyeai^o, G. Cowan^^^ 
C. Cowden^^, B.E. Cox»2, K. Cramner"'^ F. Cresciohi22a,i22b^ ^p Cristinziani^", G. Crosetti^'^'^'^sb^ Qj.^pj72aj2b^ 
S. Crepe-Renaudin"''"'', C.-M. Cuciuc^^'', C. Cuenca Almenar^^^, T. Cuhadar Donszelmann^'^'^, M. Curatolo'*'', 

C. J. Curtisi^ P. Cwetanski", H. Czirr^^i, Z. Czyczula"^ S. D'Auria^^^ j^p D'Onofrio^^^ A. D'Orazioi32a,i32b^ 
P.V.M. Da Silva23a, C. Da Via^^ W. Dabrowski^^, T. Dai®^, C. Dallapiccola*4, M. Dam-'''\ M. Damcri^o^'^o'', 

D. S. Damiami37, H.O. Danielsson^s, D. Dannheim^", V. Dao4», G. Darbo™''^, G.L. Darlca2-"5b^ ^ Dauml"^ 
J.P. Dauvergne ^9, W. Davey^o, T. Davideki^e, N. Davidson^e, R. Davidson^i, E. Davies"^'^ M. Davies^^^ 
A.R. Davison'"^, Y. Davygora^^'', E. Dawe"^ I. Dawsoni^s, J.W. Dawson^'*, R.K. Daya^^, K. De'', 

R. de Asmundis4"2a^ g pie Castroi^^'i'''', P.E. Dc Castro Faria Salgado24, S. De Cccco^s, J. de Graat^^, 

N. De Grootl°^ P. de Jongi°5, C. De La Taille"^, H. De la Torre^o, B. De Lottoi64a,i64c^ p p,g Mora^^, 

L. De Nooijios, D. De Pedis^^Sa, a. De Salvoi32a, u. De Sanctisi'54a,i64c^ A. De Santo"^ J.B. De Vivie De Regie"^ 

S. Dean^^ R. Dcbbc24, D.V. Dedovich^^ J. Degenhardt^^", M. Dchchar"^ C. Del Papa^s^^^'is^^ J. Del Peso^°, 

T. Del Pretei22a,i22b^ ^ Deliyergiyev^'', A. DeirAcqua^s, L. DelPAsta^^'^'SSb, M. Delia Pietrai°2a,i^ 

D. della Volpei°2a,i02b^ ^ Delmastro^^, P. Delpierre^^^ N. Delruelle^^, P.A. Delsart^^, C. Delucal^^ S. Demersl^^ 

M. Demichcv^s, B. Demirkoz"'*^, J. Deng^^s, S.P. Denisov^^s^ p, Derendarz^^, J.E. Derkaoui^^sd^ p Derue'^^, 

P. Dervan^^^ K. Desch^o, E. Devetak"^, P.O. Deviveirosi^s^ A. Dewhurst^^s, B. DeWilde"^^ S. Dhaliwal^ss, 

R. Dhullipudi24.', A. Di Ciaccio^^Sa.issb^ p p)j Ciaccio*, A. Di Girolamo^s, B. Di Girolamo^s, S. Di Luise"*'^'i34b^ 

A. Di Mattia^^^ B. Di Micco^^, R. Di Nardoi-'^^^'i'''-''^, A. Di Simonei^^^'"^'", R. Di Sipioi^^^i^'^, M.A. Diaz^^^, 

F. Diblen^s^ E.B. Diehl^^ J. Dietrich^i, T.A. Dietzsch^s^, S. Diglio"^, K. Dindar Yagci^^, J. Dingfelder^o, 

C. Dionisii32a,i32b^ p Dita^^*, S. Dita^^^, F. Dittus^^, F. Djama^^^ T. Djobava^ib, M.A.B. do Vale^^*^, 

A. Do Valle Wemansi24a, T.K.O. Doan^, M. Dobbs^^ R. Dobinson 29.*, D. Dobos^^, E. Dobson^^, M. Dobson^'^s, 
J. Dodd34, C. Doglioni"8, T. Doherty^^^ Y. Doi^e.*, J. Dolejsii^e, I. Dolenc^^, Z. Dolezal^^e, B.A. Dolgoshein^^.*, 
T. Dohmael5^ M. Donadelli23<i, M. Donega^^o, J. Donini^s^ J. Dopke^^, A. Doria^^^a^ a. Dos Anjos^^^ M. Dosil", 

A. Dottii22a,i22b^ j^prp po^a™, J.D. Dowell^^ A.D. Doxiadisio^, A.T. Doyle^^, Z. Drasal^^s, j. Drecsl^^ 

N. Dressnandti20, H. Drevermann^^, C. Driouichi^s, M. Dris^, J. Dubbert'^^ T. Dubbs^^?^ g Oube", E. Duchovnii^i , 

G. Duckeck9^ A. Dudarev^^, F. Dudziak^^, M. Diihrssen ^9, i.R Duerdoth^^^ L. Duflot^^^^ M-A. Dufour8^ 
M. Dunford29, H. Duran Yildiz^^, R. Duxfield^-''^, M. Dwuznik^^, F. Dydak ^9, M. Diircn^^ W.L. Ebenstein44, 

J. Ebke^s, S. Eckcrt48, S. Eckweiler^i, K. Edmonds^i, C.A. Edwards^^ N.C. Edwards^^^ W. Ehrenfeld^'i , T. Ehrich99, 
T. Eifert29, G. Eigoni^, K. Einsweileri-^, E. Eisenhandler7^ T. Ekelof^*^, M. El Kacimi^^Sc, m. Ellert^^^, S. EUes*, 
F. EUinghaus^i, K. Ellis^^ N. Enis29, J. Elmshcuscr98, M. Elsing29, D. Emeliyanovi29, R. Engelmaim"^ A. Engl^^, 

B. Epp'^^ A. Eppig87, J. Erdmann^'', A. Ereditato^*^, D. Eriksson"^'', J. Ernst\ M. Ernst24, J. Ernweini^e, 

D. Erredel6^ S. Erredel6^ E. Ertel^S M. Escalier"^ C. Escobari^a, X. Espinal Curull", B. Esposito'*'', F. Etienne^^^ 
A.I. Etienvrei36, E. Etzion^^^^ j) Evangclakoir'^'* , H. Evans6\ L. Fabbrii9a,i9b^ Fabrc29, R.M. Fakhrutdinov^^^, 

S. Falciano^32a^ y. Fang^^^ M. Fanti^^'^'^^'^, A. Farbin^ A. Farillai34a^ j_ Farley"^ T. Farooquel5^ 
S.M. Farrington"^, P. Farthouat^^, P. Fassnacht^^, D. Fassouliotis^, B. Fatholahzadeh^^^, A. Favareto^^'''^^'', 
L. Fayard"^ S. Fazio^e^^'^eb^ Febbraro^^, P. Federici44a, q.L. Fedini^i, W. FedorkoS^ M. FehUng-Kaschek^^, 
L. Feligioni83, C.U. Felzmann8^ C. Feng32d, E.J. Feng^o, A.B. Fenyuk^^s, J. Ferencei"^'^, J. Ferland^^^ 
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W. Fernando^"^, S. Ferrag^^, J. Ferrando^^, V. Ferrara''^, A. Ferrari^^^, P. Fcrrari^*^^, R. Ferrari^^^^, A. Ferrer^^'^, 
M.L. Ferrer^'^, D. Ferrere^^, C. Ferretti^'^, A. Ferretto Parodi^^^'^^'', M. Fiascaris^o, F. Fiedler^\ A. Filipcic'^'' , 
A. Filippas^ F. Filthautio^^ M. Fincke-Keeleri^a, M.C.N. Fiolhaisi24a,'>, l. Fiorinii67^ A. Firan^^, G. Fischer-^S 
P. Fischer ^o, m.J. Fishcrio^ S.M. Fisheries, M. Flechl^s, I. Fleck^i, J. Fleckner^i, P. Flcischmanni^^^ 
S. Fleischmann^^'*, T. Flicki^'', L.R. Flores Castillo^'^^^ M.J. Flowerdew9^ M. Fokitis^ T. Fonseca Martinis, 

D. A. Forbushi38, A. Fomiica^^e^ ^ Forti^^ D. Fortini^'^'^, J.M. Fostcr^^ D. Fournicr"^ A. Foussat^'', A.J. Fowler^'*, 
K. Fowler^^^ H. Fox^\ P. Francavilla^22a,i22b^ g_ FranchinoH^^'"^*^, D. Francis^^, T. Frank^^i, M. Franklin'", 

S. Franz29, M. Fraternali^i^a.iigb^ g_ pratina^^o^ g Frencli^'^, F. Friedridi R. Froeschl^^, D. Froidevaux^^, 
J.A. Frost27, C. Fukunagaise^ E. Fullana Torregrosa^^ , J. Fustcri*^^^ C. Gabaldon^", O. Gabizoni^i, T. Gadfort^^, 
S. Gadomski*^ G. Gagliardi^^^'^o'', P. Gagnon", C. Galca^*, E.J. Gallas"^ V. Galloi6, B.J. Gallopi^a, R Gallus^^s, 

E. Galyacv^", K.K. Gan^o^ Y.S. Gao"3J\ y.A. Gapienko^^s^ Gaponenkol^ F. Garberson"^ M. Garcia-Sciveres", 
C. Garcia^®'', J.E. Garcia Navarro^'', R.W. Gardner^", N. Garelli^^, H. Garitaonandia^°^, V. Garonne^'', J. Garvey^'^, 
C. Gatti^^ G. Gaudio"9% O. Gaumcr^s, B. Gauri^i, L. Gauthierl■■'^ I.L. Gavrilenko^'^, C. Gay"'«, G. Gaycken^o, 
J-C. Gayde^s, E.N. Gazis^, P. Gc^^^^ c.N.P. Gee^^f, D.A.A. Geertsl"^ Ch. Geich-Gimbepo, K. Gellerstedt^^*^'*'!^*^'', 

C. Gemmc^"^, A. Gcmnicll^^ M.H. Gcncst"*, S. Gentilei32a,i32b^ Gcorge^^ S. Gcorgc^^ P. Gcrlach^^^^ 

A. Gcrshoni53^ c_ GcwcnigerSS^, H. Ghazlanci^'"^'^, P. Ghcz"*, N. Ghodbanc^^^ g Giacobbci^^, S. Giagui32a,i32b^ 
V. GiakomnopoulouS, V. Giangiobbci22aa22b^ p Gianotti^^ B. Gibbard^^, A. Gibsonl5^ S.M. Gibson^^, 
L.M. Gilbert"^ V. Gilcwsky'^i, D. Gillbcrg^^, A.R. Gillmani^s, D.M. Gingridi^'^ J. Ginzburgi''^'\ N. Giokaris^ 
M.P. Giordani"'4c^ Qjoj.jj^j^Qi02a,i02b^ p j^'I. Giorgii'\ P. Giovannini'^-\ P.F. Giraud^'^^ D. Giugni«'^'\ M. Giunta^^, 
P. Giustii^a^ B.K. GjcLstcn"^ L.K. Gladilin^^ C. Glasman^o, J. Glatzcr^*, A. Glazov^i, K.W. Glitza^^^ 

G. L. Glonti^-^ J. Godfrcy"2^ j. Godlcwski^^ M. Gocbcl^i, T. G5pfcrt4'\ C. Gocringcr^i, C. G5ssling42, T. G6ttfert9^ 
S. Goldfarb^^ T. Gollingl^^ S.N. Golovniai^s, A. Gomcsi24a,b^ l.S. Gomez Fajardo^i, R. Goncalo^^ 

J. Goncalves Pinto Firmino Da Costa^^, L. Gonella^", A. Gonidec^^, S. Gonzalez^^^, S. Gonzalez de la Hoz^^^, 
M.L. Gonzalez Silva^^, S. Gonzalez-Scvilla^^, J.J. Goodson^^s, L. Goossens^^, P.A. Gorbounov^^, H.A. Gordon^^, 
I. Gorelovi03^ G. Gorfinei^"^ ^ Gorini^^, E. Gorini^2a,72b^ ^ Gorisek^^^ E. Gornicki^^, S.A. Gorokhoyi^s, 
V.N. Goryaclievi28, B. Gosdzik^i, M. Gosselinkio^^ M.I. Gostkin^s, I. Gough Eschrichi^s^ M. Gouighrii^Sa^ 

D. Goujdami^sc^ m.P. Goulette^^, A.G. Goussiou^s, C. Goy^, I. Grabowska-Boldi^s,™, P. Grafstrom^s, C. Grah^^"^ 
K-J. Grahn^i, F. Grancagnolo^^a^ g Grancagnolo^^ , V. Grassi"^ V. Gratcheyi^i, N. Grau^^, H.M. Gray^^, 

J.A. Grayi48, E. Grazianii34a^ q.G. Grebenyuk^^i, D. Greenfieldi^a, T. Greenshaw^^^ Z.D. Greenwood^^^', 

K. Gregersen^s, I.M. Gregor^i, P. Grenier^s^ j. Griffithsi^s, N. Grigalashvili''^ A.A. Grillo^^^, S. Grinstein", 

Y.V. Grishkevich^^ J.-F. Grivaz^i^^ M. Groh^^, E. Grossi^\ J. Grosse-Knetter^*, J. Groth- Jenseni^i , K. Grybel^^^i, 

V.J. Guari^o^ D. Guest^^s^ C. Guicheney^^, A. Guida^2a,72b^ Guindon^^, H. Guler^s.", J. Gunther^^s, B. Guo^^^, 

J. Guo34, A. Gupta^o, Y. Gusakov^^^ V.N. Gushchini^s, A. Gutierrezes, p. Gutierrez"!, N. Guttmani^a, 

O. Gutzwilleri^^ C. Guyotl3^ C. Gwenlan^i^, C.B. Gwilliam^^^ A. Haas"^, S. Haas^^, C. Haber", R. Hackenburg^^, 

H. K. Hadavand^s, D.R. Hadley^^ P. Haefner^^, F. Hahn^s, S. Haider^^, Z. Hajduk'''^ H. Hakobyan^^^ J. Hallcr^"^ 
K. Hamacher^^^^ P. Hamal"^, A. Hamilton's, S. Hamiltoniei, H. Han32a, L. Han32b, K. Hanagaki"^ M. Hance^', 

C. Handel^S P. Hanke^^*^, J.R. Hansen^s, J.B. Hansen^s, J.D. Hansen^^, P.H. Hansen^s, P. Hanssoni's, K. Hara^^^, 
G.A. Harei-''^ T. Harenbcrgi^*, S. Harkuslia^o, D. Harper^^ R.D. Harrington'^ O.M. Harris^^s^ Harrison^^ 

J. Harterfs, F. Hartjesi°5, T. Haruyama^e, A. Harvey^^, S. Hasegawa^oi, Y. Hasegawa"°, S. Hassani^se^ M. Hatches, 

D. Hauff99, S. Haugl^ M. Hauschild^^, R. Hauser^^^ M. Havranek^o, B.M. Hawes"^ CM. Hawkes^^ R.J. Hawkings^^, 
D. Hawkinsi63, T. Hayakawa'^^ T. Hayashii^o, D Hayden^^ H.S. Hayward^^^ S.J. Haywood^^s, E. Hazen^i, M. He32d, 
S.J. Head^^ V. Hedberg^^, L. Heelan^ S. Heim^s, B. Heinemanni', S. Heisterkamp^s, L. Helary', S. Hellman"6a,i46b^ 

D. Hellmich^o, C. Helsens", R.C.W. Henderson^'S M. Henke^^a, A. Henrichs^*, A.M. Henriques Correia2^ 

S. Henrot-Versillc"^, F. Henry- Couannier^^^ q Hensel^', T. HenB^'^'*, CM. Hernandez'^, Y. Hernandez Jimenez^'^'', 
R. Herrbergis, A.D. Hershenliorni52^ q Herten's, R. Hertenberger^^ , L. Hervas^^, N.P. Hesseylo^ A. Hidvegi^'^'*'^, 

E. Hig6n-Rodriguezi67, D. Hill^-*, J.C HilP^, N. Hill^, K.H. Hiller'i, S. Hillert^o, S.J. Hillieri^, I. Hinchliffe^'', 

E. Hinesi^o, M. Hirose"^ F. Hirsch42, D. Hirsclibuchli^'^ J. Hobbs^'s, N. Hodi^^^ M.G. Hodgkinsoni^s, R Hodgsoni^^, 
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